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Search for the QCD Critical Point:
Experimental Strategy

By systematically
varying the RHIC beam
energy, heavy ion
collisions will be able
to probe different
regions of the QCD
phase diagram.

Hadronic Gas

U 250 500 /50 1000
Baryon Chemical Potenial n: (MeV)



The RHIC Beam Energy Scan Program:
Species: Gold + Gold Ovewlew

Collision Energies [sqrt(syy)]:
200 GeV (2010), 130 GeV, 62.4 GeV (2010),

39 GeV (2010), 27 GeV (2011 this week), 19.6 GeV (2011),
11 GeV (2010, STAR only)

9.2 GeV (2009, short test run), 7.7 GeV (2010)
Species: Copper + Copper

Collision Energies [sqrt(syy)]:
200 GeV, 62.4 GeV, 22 GeV

Species: Deuteron + Gold

Collision Energies [sqrt(sy)l:
200 GeV

Species: Proton + Proton
Collision Energies [sqrt(syy)I:




PHENIX RHIC Beam Scan Results

* Energy Loss: 0 Rya, & Rpn

«J/¥ : Yield, Rep

 Flow: v,, v3, v,, participant quark scaling

* Critical point signatures




Searching for the Onset of
Deconfinement: Energy Loss
Measurements
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PHENIX Energy Loss Measurements in the Beam

Energy Scan: n"

In Au+Au at 200 GeV:.

« Strong suppression (x5) in central Au+Au collisions

 No suppression in peripheral Au+Au collisions

* No suppression (Cronin enhancement) in control d+Au collisions

Convincing evidence for final state partonic interactions - emergence of sQGP

From the Cu+Cu energy scan:
* Significant suppression at Vs, = 200 and 62.4 GeV
* Moderate enhancement at Vsyy = 22.4 GeV

Cu+Cu, 0-10% most central

* \/Syy =224 GeV
° \/‘FSNN =62.4 GeV
o \/s)y =200 GeV

[ X X ]

..................................................................................................................... ‘" _
HHH“HHHH} .

{ . m \/s,, =224 GeV
0 \/sy, =624 GeV
e \/s,, =200 GeV
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n¥ invariant yields:

Au+Au Collisions at 62.4 GeV
62.4 GeV

Z AuAu,\'s = 62 GeV, PbSc
.. ¢ 7% MinBias
. ‘:ﬁ{h e 1% 0-10%, x1e-1
. oﬁﬁ{h %: 10-20%, x1e-2
" % 0: 20-40%, x1e-3
": 40-60%, x1e-4
: 60-85%, x1e-
60-85%, x1e-3 At lower +/s the
contribution from
some processes are
larger:
Running a(Q?)
PDF evolution
k: smearing
Higher-twist
phenomena

—
PH ENIX

Preliminary
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n¥ invariant yields:

Au+Au Collisions at 39 GeV

The minimum bias spectra

AuAu,\'s = 39 GeV, PbSc|  ETLRIIQWI{ I Welol\7I g EALY
;(';'!'1"030/1??(1&1 shape function for p; > 4
: 10-20%, x1e-2 GeV/c:
: 20-40%, x1e-3
: 40-60%, x1e-4
: 60-85%, x1e-5

nZOOGeV=8.] + 0.03
I’IGZGeV =] 0.9 10.03

n39GeV =] 2.1 + 0.]
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Nuclear Modification Factor

= For the R,, measurement, obtaining a
p+p reference from the same experiment
is vital. External references increase
systematic errors.

62.4 GeV p+p data is available from PHENIX,

however only up to p; < 7 GeV/c (heavy-ion
up to 10 GeV/¢)

39.0 GeV p+p data is not yet available from
PHENIX, but it is on our to-do list

Because of that we used data from a fixed target
p+p experiment at the Tevatron, E0706 (\/s =
39 GeV, PRD68: 052001, 2003).
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62.4 GeV ptp reference extrapolation

« Data from PHENIX for p+p collisions

* 2006 p+p, 62 GeV are available up to py < 7 GeV/c
pow. fit p, > 2.0 GeV/c

—— pow. fit p, > 3.5 GeV/c _ _
. pow. fit p_> 4.5 GeV/c « To extrapolate to higher p; points, a

power-law function was used:
= The limit of the fits is vital,
Contributing to the systematic
errors.
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« The systematic uncertainty is
calculated from the errors of the ot mem
power-law fit I

« It agrees well with the CCOR data
(ISR) in pr 7-10 GeV/c region
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39 GeV p+p reference

) p+p data are measured only in the fixed-
P+p\'S = 38.7 GeV target experiment EO706 at the Tevatron

e Tevatron E-0706:

at a beam energy of 800 GeV.
(Phys.Rev.D68:052001,2003)

The EO706 has a different rapidity
acceptance:
-1.0 <y < 0.5 (PHENIX |y|<0.35).

5.00 < p, < 5.50 GeV/c

Acceptance correction
based on a PYTHIAS

3 simulation.
~
: | | W
X The systematic ity finy |
w poc . f 'l\mﬂ I
T T uncertainty of the i : Wy
o i S i = E0706 i
correction function is B e win.
EO706 = PHENIX calculated based on the ] Phenix win.

2 3 4 5 6 7 WeEI-:WioNdANsIVY:

P, [GeV/c] .
comparison.
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¥ R, in AutAu at 39 and 62 GeV

PHENIX, Au+Au PHENIX, Au+Au

7| e 0-10%,39GeV......... aF | e 40-60 %, 39 GeV _
E = 0-10 %, 62 GeV E = 40-60 %, 62 GeV
2 . ........... 0-10°/o,200GeV ........................................ 2r ‘40_500/0,200Gev

I, TN

PH ENIX
Preliminary

e —-..V_....
PH ENIX
Preliminary

| | | 1 1 |
15

P, [GeV/c]

n° Ru, as a function of pr in PHENIX at /sy = 39, 62 and 200 GeV.

- Still observe a strong suppression (factor of 2) in the most central /sy = 39 GeV
collisions.

« Ryp from /sy = 62 GeV data is comparable with the Ry, from /sy = 200 GeV for p; 6
>GeV/c.

« Peripheral +/syy = 62 and 200 GeV data show suppression, but the /sy = 39 GeV does
not.
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R, 4 : Centrality Dependence

PHENIX, Au+Au, 7° ' PHENIX, Au+Au, n°
Raa: 4. <p,<6. GeV/c Raa: P, >6. GeV/c
m \/s,, =39.0 GeV m \/s,, =39.0 GeV
m \/s,, =62.4 GeV | m \/s,, =624 GeV
m \/s, =200 GeV > m \/s,, =200 GeV

+
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At higher p; ranges, the 62 GeV points are comparable to the 200 GeV
points in all centralities.

Ras €volution in Au+Au at /sy = 39, 62 and 200 GeV:
« 62-200 GeV shows a large suppression

39 GeV shows suppression only in N,,,>100
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Energy and System-Dependence of T R, »

Total energy
available of the
collision:

System size:
« Circles: Cu+Cu

—

T

= \[5,y=200GeV o \[s,, 3208GeV
[ \'II’S—NN =62.4GeV o \'J’S—NN %2%6!9\, S e e m to h ave

n \/5,,=39.0GeV o \[5,,<224GeV the same

e T trend.
(N x\/sy )2 [GeV]

part
SPS, max reach: 2 x 208(Pb) x 17.3 GeV (v/s\\)/2 = 3598.4 GeV

R, (2.5 <p_<3.5 GeV/c)

S
_._l
o

[\

En=2-5TeV
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¢»=>K*TK~ Spectra in 62.4 GeV Au+Au
Collisions

o — K'K
AutAu @\[s,, = 62.4 GeV

—

T

MB x10
0-20%
20-40%
40-83.7%
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Cu+Cu @\sy, = 62.4 GeV

MB x10
0-20%
20-40%
—— 40-88%
PH- ENIX

. . +
PHENIX Preliminary PP

Jeffery T. Mitchell - RHIC User's Meeting - 6/20/11



O=>K K™ Rpp in 200 GeV Au+Au Collisions

EZ[EP‘,HI“I Aol 0,  Au+Au0-10%
oy = VU sy » T Au+Au 0-10%
o K'+K Au+Au 0
p+pP Au+Au 0
E |

Au+Au 10-20%
Au+Au 10-20%

The ¢ is suppressed in
central 200 GeV Au+Au

collisions.

The Ry, of the ¢ lies
between that of the proton
and the =O.

fIssing - 6/20/11



O2>KTK= Rya in 62.4 GeV Au+Au
Collisions

PHENIX Preliminary e« & Au+tAu0-20%
\[Sy = 62.4 GeV m ° Au+Au 0-10%
s p+p Au+Au 0-10%

Within the current precision,
no suppression at 62.4 GeV.
PHENIX Preliminary e ¢ Cu+Cu0-10% Similar to the 200 GeV results,
\Srgy = 6214 GeV Rt IE] the R,, Of the ¢ lies between
AR MR that of the proton and the .

A
p_(GeV/c)
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Searching for the Onset of

Deconfinement: J/¥
Measurements



J/ Y Yields from 62 and 39 GeV Au+Au Collisions

—— \fs_NN= 200 GeV Au+Au (2007), arXiv:1105.1966 10_5 ; o
10 T — @& \5,,= 62.4 GeV Au+Au (2010) E RPHIEEIi(APreI'm':::yG v
: L un u U\ Syn™ . e
:IEIII —®— \[S,= 39 GeV AurAu (2010) - : J¥ - pp, 1.2 <|';:T <22
g | iz g 100 ;
Z i i > g
s, |1 11 ¢
ﬂi I 1 I T $
“s107 - I I i olg1o’ -
T ] I I
; - Ao F
= B I I @ tﬁ - {
i 10% =
_ PHENIX Preliminary -
JIIP_}““’1.2<|Y|<2.2 i \\‘\\\\‘\||||||||||||||\\\\‘\\I\‘\\\\llllllll\\
10.8 L1 1 1 ‘ L 11 1 | L1 1 1 ‘ 1 111 | L1 1 1 | L 11 1 | L 11 1 | L 11 1 0 0 5 1 1 5 2 2 5 3 3 5 4 4.5 5
0 50 100 150 200 250 300 350 400 p, (GeVic)

part

In 2010, PHENIX collected 700M (250M) MB events from
62.4 GeV (39 GeV) Au+Au collision.

Rapidity 1.2 <|y| <2.2
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Energy dependence of J/ ¢ R

- —&—— \/s,= 200 GeV Au+Au (2007), = Xr 1051 )k ' ] 4.L_ ——&—— \[S,,= 200 GeV Au+Au (2007), arXiv:1105.1966
1.4 - global sys. =+ 19.6% L global sys. =+ 19.3%
- Peripheral (60-93%) : <Nm">= 145327 - Peripheral (40-93%) : <Nm">= 446+6.2
1.2 - — @& \/5,= 62.4 GeV Au+Au (2010) 1.2 - —8—— \/s,,= 39 GeV Au+Au (2010)
B global sys. =+ 11.6% B global sys. = +8.5%
- Peripheral (60-86%) : <Nm">= 14.3+1.6 L Peripheral (40-86%) : <Nm">= 435+ 3.7
1:.. ....... :[ .................................................................................................................. 1 :.... ............................................................................................................................
o PHENIX Preliminary o - T
n:oo-s - JI¥ S up, 1.2 <|y| < 2.2 Q0.8
0.6/ II i T 0.6 I I I
0.4:— I III I I 04:— I __I I
0.2 R ] 02 PHENIX Preliminary I 1
= B JIV -y, 1.2 <|y| < 2.2
_\\I\ll\l\ll\\Ill\\lll\\I‘I\\Illl\llll\l _I\\\III\\\IIII\\IIII\\III\\\\III
00 50 100 150 200 250 300 350 400 00 5‘0 160 1 éo 260 25‘0 360 3%0 400

Npart Npart

d PHENIX does not yet have a p+p reference at 62 and 39 GeV.
d Lacking a reference, R, can still give us insight about the
suppression level.

A The suppression is at a similar level at all energies.
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PHENIX Dilepton Expectations at 39 GeV

How does the dilepton excess and p modification at SPS
evolve into the large low-mass excess at RHIC?

—
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£n

200M simulated events in +
20cm vertex
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If excess is the same at 39 GeV
as 200, expect a 6 o result
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Black: simulation with
same enhancement as

g 2 ik
o \qy T ._.-._ ;
at 200 GeV | A
‘T — Blue: no enhancement T
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

0 05 1 1.5 2 2.5 . 4 4.5
mee
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Searching for the
onset of
deconfinement: Flow
Measurements

e codo- 9, 2,00~ 20+l 3 [v, = (cos(2 g ¥, )

- directed flow

v,>0: in-plane emission of particles
D v,<0: squeeze-out perpendicular to reaction
> = elliptic flow plane.

P, +P,

Jeffery T. Mitchell - RHIC User's Meeting - 6/20/11 22



Elliptic at62and 39 Ce\:

[ T T J F i I ]
0.2 —e— Au+Au 200 GeV JE E
r —e— Au+Au 62 GeV 1 F ”Eiﬂj .
- m [ o .
0.15— —o— Au+Au 39 GeV * — |;|'—' *
~ - I oy .
~ - g 1 Te 4 ]
0.1__ ) - —
® - Eggu?ﬁ & '+ . + * 1r ot + + + .
_ " + 1 C .
0.05— + + \ar -
e R L :
- 0-20% PHENIX Preliminary 1 ¢ 20-40% | PHENIXlPrEIiminary | ]

0 5 10 15 0 5 10 15

p. (GeV/c) p, (GeV/c)

T T T LI II| T
® PHENIX n° 10-30% Preliminary

0.2
O PHENIX h* 13-26% PRL94, 232302

U CERES h* 13-26%

A E895 W 13-26% - + @
I!l L
n There is little change in the
magnitude of v, from 39 GeV to 200
1.75 GeVlic Gev

s

PHENIX preliminary

10 102
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VoA D>}, Viids}), v, iD,} at 62 GeV Au+Au

Jeffery T. Mitchell - RHIC User's Meeting - 6/20/11
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0.14

0.10 |

V,, Vs, v, as a function of Vs,

. Beam Energy (GeV)
L e 200

¢ 30

T m 62 n=2
0.12 [

PHENIX Preliminary T
N NN N AN N NN SN NN SN SN NN N NN ST SN SN SN N S T N S S S S

1 2 3
P (GeV/c)

pr (GeV/c)

v, V-, V,are independent of Vs, for 39,
2 3 e e 0200 Gev ™
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V, vs pr from 39 GeV to 2.76 TeV

V,vs p_, AutAu \s =39 - 200 GeV , 20-30 % ALICE Experiment, PRL105,252302 (2010)

P I R | R I B
0 \fSyy =200 GeV

s 5y =624 GeV s W

0-20% (STAR)

[ 20-30% (STAR)
30-40% (STAR)

0.05
EP

0 05 1 15 2 25 3 35 4 45 5
p (GeV/c)

P, (GeVic)

This implies that the system demonstrates similar
hydrodynamic properties from 39 GeV to 2.76 TeV
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v, in 7.7 GeV Au+Au Collisions

Au+ Au 10-40%
© 200GeV
A T.7GeV

O
5D
PHENIX Preliminary

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 0.5 1 1.5 2 25 3 3.5 4
pT(Gerc)

The magnitude of v, at 7.7 GeV is significantly lower
than the magnitudes at 39, 62 and 200 GeV
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Saturation of v, with beam energy

Au+Au 10-40%
® P 1.41GeV/c

B py0.69GeVic Vv, saturates for a
s " given p; around
or below 39 GeV

<V,> still
increases mainly
because of the
<ps> rise.

Almost perfect fluidity from 39 GeV to 2.76 TeV
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ldentified hadron v, in 62.4 GeV

Au-+Au Collisions

PHENIX Preliminary

PHENIX Preliminary 0_15 T T T T | T T T | |
o~ T T T | T T T T | T T T T | [ - -
> 03 Tt 4+ AutAu\js,, = 62.4 GeV, 20-60% | E:r [ :r|;+++ T _ AutAu \/Syy = 62.4 GeV, 20-60% |
—~—K*+K’ ~ - K +K l
= » ] T~ p+Pp
| —— p L2 p . | } 01 | p p . |
0.2 B » ] - ¥ +—
: P I L o |
[ SR L S B _ - '
- ’ ‘o] hi
L a C a n %‘-
- L — 0.05 — —
0.1 i N : - : . i - C;i'
& » - _ L
iree PHENIX . I @ﬁ‘ PH . ENIX
— . 5
0 e : 0 _(5: A R S
1 2 3 0 0.5 1 1.5
Pr (GeVic) KE, / n, (GeV)

Partonic collective flow is observed down to 62

GeV and ...
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ldentified hadron v, in 39 GeV Au+Au
Collisions

PHENIX Prellmlnary PHENIX Preliminary
I T T T T T T ‘ . T T | T T T | T I T T |

3r - AutA 39 GeV, 20-60% . - _ .
Bt o 3 " “\ﬂ I Ge U AurAuy sy, = 39 GeV, 20-60%
KK - KK

PP I PP

15
P, (GeVi/c) KE, /n, (GeV)

Partonic collective flow is observed down to 39 GeV
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Flow Summary

V,, V3 and v, are measured in 39, 62 and 200 GeV. The magnitudes are similar.
= v, of pion, kaon, and (anti)proton show quark number scaling down to 39 GeV.
" v, saturates in intermediate p;.

These observations suggest similar initial geometry fluctuations
and dynamic evolution of nuclear matter above 39 GeV.

v,(V,)

Centrality: 10-20%
Solid: PHENIX Open: Atlas
Au+Au at 39, 62, 200GeV Pb+Pb at 2.76TeV
p,: 1.75-2.00 GeV p, 1.80-2.00 GeV

@]

STAR 0.7 GeVie
STAR, 1.7 GeVic
O PHENIX, 0.7 GeVic
O PHENIX, 1.7 GeVie
& E895

\/Syy (GeV)

10% \sy (GeV)

Data taken at 19.6 and 27 GeV this year will help us fill in the “gap” in the excitation function.
Jeffery T. Mitchell - RHIC User's Meeting - 6/20/11 31




Searching for Signatures of the
Critical Point: Fluctuations,
Correlations



Multiplicity Fluctuations

Near the critical point, the multiplicity fluctuations should exceed the

superposition model expectation - No significant evidence for critical
behavior is observed. Low energy results are being prepared.

Wch dyn = Variance/mean, corrected for impact parameter fluctuations.

- ch.dyn
- ch.dyn

T L TN

FEERAREFE I g

L e
[ ] L
— ..-.'I-“ *I‘_. — %
L
»
o
- a -
‘. *

Sel Cut
1 ® 200 GeV AutAn 1§ o0 Cel Curlu

= B 624 GelV AutAu B 8 225 GelV Cu+Cu

| Superposition Model, 200 GelV Au+Au B Ay ;
- = = Superposition Model, 62.4 GeV Au+Au = Superposition Model, 200 Gel' CutCu

N A L === Superposition Madel, 62.4 GelV Cu+Cu
----- Poisson + 200 GelV An+A perp !
| Pofeeon +}'§2$ 34 Gl Arida |« vo+ Superposition Model, 22.5 GeV Cu+Cu
u 9 1 1 1 | 1 1 1 1 | | 1 1 | | | 1 1 | u 9 1 | 1 1 1 | 1 1 1 | 1 | 1 | | | |
100 200 300 400 40 60 80 100 120
Hpart Hpart
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Searching for the Critical Point with
HBT Q,,, Correlations

T. Csorgo,S. Hegyi, T. Novak,W.A.Zajc,
Acta Phys. Pol. B36 (2005) 329-337

« This technique proposes to search Levy index of stability
for variations in the exponent n. 2.5
« The exponent n can be extracted by
fitting HBT Q,,, correlations with a
Levy function:

C(Q;,) = 2 exp(-|Rqg/hc|™)

a = Levy index of stability = n
= 2 for Gaussian sources
= 1 for Lorentzian sources

QR R

« Measure a as a function of collision
energy and look for a change from

Gau55|an—ll!<e sources to a source n ("'3d ISiIlQ,_") — 0.50+0.05
corresponding to the expectation S
from the universality class of QCD.

0 0.5 1
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Like-Sign Pair Azimuthal Correlations

0.2 < pr; <0.4GeV/c, 0.2 < pr,; <0.4 GeV/c, |A pseudorapidity| <O.]1

-
=
@

s F PHENIX s F
L 200 0eY reiminary | § oFl 62 GeV
4  E : = Au+Au
& £+ — I e E ’
s Ly 9% PHZRENIX s wbi  0-5% PHENIX
g t iy Central £ .. . Central
i 1.m:— ‘:|:_|_ f - 'l'zl[,_l_
§ o bt 8 "E N
1= r - an
- ey 4 ﬂw ft HHHHH A 3 . g
”s;_ ++ +—F-t_T_+|_++ ‘|‘+ onni_ +,.|“F+q_"|fl?l'-FT _I_‘|‘ +‘|'+ _I_‘H_+ ~|» H++++‘|‘ +++++ _H‘H:H
058 [— + o.sa:_ +
B T R e T 7 R R [ R T S e e T R T 7 T T R
A ¢ [dedarees] A ¢ [degrees]

C(A¢) = (dN/d¢data/dN/d¢mixed)*(Nevents,mixed/Nevents,data)

Assuming that QCD
belongs in the same

universality class as - The power law function fits the

C(A¢) o A (1+7) ::g(jg ff)leBeEpI:é?gd data vvlgl_l for all species and
value Ofn is 0.5 centralities.

(Reiger, Phys. Rev.
B52 (1995) 6659 .
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C(Ar) Exponent n vs. Centrality

PHENIX Prellmmary, Like- Slgn Pairs, |A pseudorapldltyl < 0.1

=

-0.3

. TG AT T=p, J{ﬂ TGeVe, I 3"‘-": =0d Gelic

& 62 Gel Autdu, O.2<p <04 Gebie, B.2<p <04 Gebic

[ 208 GeV Curlu, 0.2<p, <04 Gebie, B.2<p <04 Gebic
62 Geb' CutCu, 0.2<p <04 Gebic, .2<p <04 Gebic
22 GeV Cu+Cu, 0.2<p_ <04 Gelic, B.2<p <04 Gebic
200 GeV d+Au, 0.2<p_ <04 GeVic, 0.2<p_ <04 GeVic

-0.4

-0.5

-0.6

-0.7

-0.8

50 100 150 200 250 300 350 400

participants

The exponent n is independent of species, centrality, and collision energy.

The value of n is inconsistent with the d=3 expectation at the critical point.
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Summary and Outlook

* Raa:
« Rya for pr>6 GeV is comparable between 200 and 62 GeV.
* Rap at 39 GeV still shows a large suppression.
* No significant suppression is observed for the ¢ at 62 GeV.
* Initial measurements show suppression of J/¥ at 39 and 62 GeV.

* Flow:
* vV, saturates at intermediate p; at 39 and 62 GeV.
« Quark number scaling holds at 39 and 62 GeV.
* v, at 7.7 GeV is significantly lower than v, at 39 and 62 GeV.

» Outlook:
« Many measurements are being analyzed, including:
« multiplicity, net charge, and transverse momentum fluctuations
* local parity violation
- identified particle spectra
« 2-particle correlations
 dilepton spectra

« Stay tuned for much more!
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Central Arm Tracking
Drift Chamber &S B
Pad Chambers / e
Time Expansion Chamb. S

Muon Arm Tracking
Muon Tracker

Calorimetry
PbGl
PbSc
MPC

Particle Id
Muon Identifier Beam View
RICH, HBD T—
TOF E & W ) , Central Magnet
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TEC

Global Detectors Smmmaeg” ol morm
BBC s MulD | = MulD
ZDC/SMD Local Polarim. ] [ |
Forward Hadron Calo.
RXNP

DAQ and Trigger System South Side View North

Online Calib. & Production 18.5m = 60 fi

» PHENIX Detector

Jeffery T. Mitchell - RHIC User's Meeting - 6/20/11 39



PHENIX 39 GeV Au+Au Event Displays

£
\




PHENIX 7.7 GeV Au+Au Event Displays

/




Triggering at Low Energy

The problem:

The placement of the
trigger detectors (BBCs)
are not optimized for low
energy running.

They have a reduced
acceptance, especially
below RHIC energies of ~

Rapidity

20 GeV.

Fermi motion to the
rescue!

At low energies, Fermi
motion is enough to
bring nucleons back into

the BBC acceptance. CMS Energy
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PHENIX Trigger Performance at 7.7 GeV

Tight timing cut on BBC North vs. South

URQMD AvAu @ 7.7 GeV Through

PHENIX fuII S|mulc|’r|on _
: : : : URQMD normalized to match real

data integral for PC1 hits > 40.

URQMD not matched to z
distribution in real data.

Estimate that the trigger fires on
77% of the cross section.

No indication of deviation of low
multiplicity events from
background.

60 80 100 120 140
PC1 Hits
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Comparison with recent SPS R, »

WA98 PbPb 17.3 GeV, n°
Raai 2.5 <p, < 3.0 GeV/c:

® p+C reference
p+Pb reference

R,,:2.0< P, < 2.5 GeV/c:

] O p+C reference
p+Pb reference

PHENIX AuAu n®,
R,,:40< P, < 6.0 GeV/c:
m 39 GeV (prelim.)
m 62 GeV (prelim.)
m 200 GeV (PRL101)

T

(2

o
o
(=2]
]
b
o
>
(]
o

The closed circles are the most
comparable with the PHENIX results, as they have

In previous experiment
at WA98 we see only
(PRL 100 (2008),
242301) suppression at
“ultra’-central (0-1%)
collisions of Pb+Pb.
The Xt is overlapping
between the SPS and
RHIC intervals.

The “onset” of the
energy loss is
dependent on system
size and collision
energy.

The “onset” of the suppression depends on collision energy and

centrality or system size (and p+)



Energy dependence of CNMs

R for J/y production at RHIC A systematic analysis at y~0 using

EPS09 NLO Q°=13.0 GeV>

Error sets 2-31

Central set 1

Uncertainty band

EKS98 + 6yyeaup ShOWed a clear
collision energy dependence of

9] .
breakup JHEP 0902:014 (2009)

EKS98 C NA3

Jiy 2t NA50-400
¥ NA50-450
® E866

NA60 0 HERA-B

E,,, = 158 GeV
0.28<y<0.78

E,,, = 400 GeV PHENIX
N 0.17<y<0.33 ly|<0.35

power-law

Bjorken x

o Proper geometry dependence need to
be included.
o Reduce uncertainties by measuring
d+Au at the same energy.

20 40 60 80 100 120 140 160 180 200
\/Syy [GeV]
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E . dependence on pr

_________________ *{';ﬁ*f'}ﬁﬂf{'

Aush cuscu: H i ;

= \/s, =200GeV e \[s, =200GeV .[-*
m \/s,=624GeV e \/s A =62.4GeV
m \/s,,=39.0GeV =« \/s, =224 GeV

T
T

Au+Au: Cu+Cu:
= \s,,=200GeV e \[s, =200 GeV
m \/s,, =624 GeV e \/s A =624GeV
m \/s,, =39.0 GeV

B,, (4.0 <p_<6.0 GeV/c)

e

T
S
]
O
1
™
v
o
\"
-
2)
<
<
o

e

In higher p; the scaling
does not work.

-

: Vo shadowing? Bjorken
m \/s,, =62.4 GeV Cu+Cu:

. S =390GeV + gy =200 GeV energy density?
(Np:t \[SpV2 [GeV]

. Rj, (p.>6 GeV/c)

<
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Lévy fits to q,,, In Central 200 GeV Au+Au

Edgeworth fit

Gauss fit

evy fit

Edgeworth fit (fix «,=0.1)

Levy fit (fix ax=1.35)

$ ps
—t——+—=
PH: :ENIX

PHENIX PRELIMINARY

0.30 0.35 0.40 0.45
m, [GeV]
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How big is the target?

From a hydrodynamics
calculation.

------ phase boundary

For a given chemical
freeze-out point, 3
iIsentropic trajectories
Y Critical Point (s/ng=constant) are
shown.

Chemical
Freezeout

The presence of the

L critical point can deform
-== s/ng=29.4 (QCP) the trajectories describing
— 5/ng=25.6 (CO) the evolution of the

== 5 /ng=22.2 (FO) expanding fireball in the

200 400 600 800 (T,ug) phase diagram.

g (MeV) A large region can be

M.Asakawa et al.,PRL 101,122302(2008) affected, so we do not
heed to hit the critical

point precisely.
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Elliptic Flow: Excitation Function

' Elliptic Flow |

o 0.1
>
0.08
0.06
0.04

0.02

0

¥ Fopi (prelim.)
@® EQOS

A EBS5

Il ES877

@® CERES

B MNA49

Y STAR

Il Fhenix

@® Phobos

llld 1 llllﬂ 1 II:

10° 10°
E, ... /A (GeV)
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There is a
transition from
squeeze-out
flow to in-
plane flow
between AGS
and SPS

energies




Statistical Model Fits

Extracted T & pg values

fits, dN/dy data

B ratios

O yields

——  parametrization

& Braun-Munzinger et al.

> Kaneta,Xu

A
250

N
o
o

Chemical Temperature Tch [MeV]
o
(@)

150F

Ul
o

L
atqmic

For

O 1 1 1 (a] & )

0 200 400 600 800 1000 1200

Baryonic Potential ug [MeV]

\s >~ 10 GeV, chemical freeze-

out very close to phase boundary
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Statistical Model Results

Results from different
beam energies

Analysis of particle yields
with statistical models
Freeze-out points reach QG
phase boundary at top SPS
energies

E

@
ne ba s

hadron gas

Jeffery T. Mitchell - RHIC User's Meeting - 6/20/11

quark gluon plasma

chemical freeze-out
A SIS, AGS
H S5PS

RHIC

quark-
yonic
matter

color
super-
conductor
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J/P: analyzed 25% of 62 GeV

Recombination
(e.g. Rapp et al.)
fon J/IP yield at 200 GeV is
ol B dominantly from
' recombination

Mass (GeVic® e Pred|Ct SuppreSSIOn
] B R E— e greater at 62 GeV

i J/Y yield down by 1/3
- ] Sl L B du S : s Recombination down
1/10

__ bias events — 500 J/Y .. measure J/{ suppression

Key test of recombination!
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